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Purpose.T oin v estigat etheeﬀectoflowtubevoltage(80kV)onimagequality,radiationdose,andlow-contrastdetectability(LCD)
at abdominal computed tomography (CT). Materials and Methods. A phantom containing low-contrast objects was scanned with
a CT scanner at 80 and 120kV, with tube current-time product settings at 150–650mAs. The diﬀerences between image noise,
contrast-to-noiseratio(CNR),andscoresofLCDobtainedwith80kVat150–650mAsandthoseobtainedwith120kVat300mAs
were compared respectively. Results. The image noise substantially increased with low tube voltage. However, with identical dose,
use of 80kV resulted in higher CNR compared with CNR at 120kV. There were no statistically signiﬁcant diﬀerence in CNR and
scores of LCD between 120kV at 300mAs and 80kV at 550–650mAs (P>0.05). The relative dose delivered at 80kV ranged from
58% at 550mAs to 68% at 650mAs. Conclusion. With a reduction of the tube voltage from 120kV to 80kV at abdominal CT, the
radiation dose can be reduced by 32% to 42% without degradation of CNR and LCD.
1.Introduction
There has been a remarkable increase in use of multide-
tector computed tomography (MDCT) since its introduc-
tion. MDCT has greater diagnostic capability and enables
extended clinical applications, but it also has the potential to
lead to an increase in radiation dose owing to the routine use
of thinner sections, the extended volume of acquisition, and
multiple-phase acquisitions. According to the literature, cur-
rently,CTrepresentsabout7%ofallradiologicexaminations
in the world but contributes more than 40% of the collective
eﬀectivedose[1].Thetheoreticrisktopatientsforradiation-
indeed cancer from CT examination is not negligible [2–4].
In particular, the radiation dose from hepatic CT exa-
minations has notably increased because multiple-phase
dynamic-enhanced CT scan was routinely performed in pa-
tients who are suspected of having hepatic tumors. The
estimated risk of cancer death for those undergoing CT is
12.5/10,000 population for each pass of the CT scan through
the abdomen [5]. Therefore, concerns regarding a reduction
inradiationdosehavebeenrecentlyraisedduringabdominal
CT acquisitions.
Although decreasing tube current is the most means of
reducingCTradiationdose[6–9],thisalterationalsoreduces
thecontrast-to-noiseratio(CNR),whichmayaﬀectthediag-
nostic outcome of the examination. This is especially true
in abdominal studies, where low-contrast areas are severely
aﬀected by the CNR [10]. Some studies [11–15] suggest that
scanning with low tube voltage is possible to reduce dose
without markedly aﬀecting image quality; however, there are
few reports on the eﬀect of low tube voltage on abdominal
image quality and low-contrast detectability (LCD). Thus,
the purpose of this study was to investigate the eﬀect of low
tube voltage with 80kV on image noise (SD, standard devia-
tion of CT number), CNR, radiation dose, and LCD at abdo-
minal MDCT.2 Journal of Biomedicine and Biotechnology
Figure 1: An axial CT image of the low-contrast module. It con-
tains three groups of cylinders with various diameters from 2.0 to
15.0mm. The nominal contrast levels of these groups are 0.3%,
0.5%, and 1.0%. In our study, only the 15.0mm diameter object
with a contrast diﬀerence of 1.0% (white arrow) was chosen to be
analyzed.
2.MaterialsandMethods
The institutional review board approved this study, and in-
formed consent was obtained from all participating radiolo-
gists.
2.1. Description of Phantom. We used a phantom (Catphan
500; Phantom Laboratory, Cambridge, NY) with an addi-
tional annulus provided by the manufacturer to simulate the
X-ray absorption of a standard abdomen (giving a total test
object diameter of 30cm). The phantom contains a CTP515
module, which consists of a 40mm thick and 200mm diam-
etersliceoftissueequivalentbackgroundmaterialcontaining
a series of cylinders of various diameters to measure low-
contrast performance. The cylinders varied in diameters
from 2.0 to 15.0mm and deviated from nominal contrast
levels by 0.3%, 0.5%, and 1.0% (Figure 1). In our study,
in order to avoid a partial volume eﬀect, only the 15.0mm
diameterobjectwithacontrastdiﬀerenceof1.0% (havingan
attenuation diﬀerence with the background of 10HU) was
chosen to be analyzed. The phantom was always position-
ed at the isocenter of the gantry.
2.2. CT Scanning. The phantom was scanned three times for
each protocol with a 16-section MDCT scanner (LightSpeed;
GE Medical Systems). The scanning parameters were con-
ﬁguration of 16 (detectors) ×1.5mm (detector collimation),
rotation time of 0.75 second, section thickness of 5.0mm,
section interval of 5.0mm, pitch of 0.659, scan ﬁeld of view
of 50cm, reconstruction algorithm (kernel) B30f (medium-
sharp), and pixel matrix size of 512 × 512. Scanning was
performed at the standard tube voltage of 120kV and at the
low tube voltage of 80kV, with corresponding tube current-
time product settings at 150, 200, 250, 300, 350, 400, 450,
500, 550, 600, and 650mAs, respectively.
2.3. Measurement of Radiation Dose. We used the CT dose
index volume (CTDIvol) based on the manufacturer’s data
forestimationofradiationdose.ThecorrespondingCTDIvol
of each acquisition conditions indicated on the monitor
screen was recorded. The CTDIvol obtained at standard tube
voltage protocol was compared with that obtained at low
tube voltage protocol.
2.4. Measurement of CNR. For each scanning technique,
we measured the CT number of the low-contrast object in
15mm diameter and the background of the module. The
region of interest used to perform the measurements was
kept at 100mm2.C N R sw e r ec a l c u l a t e da sf o l l o w s :C N R=
(ROIm − ROIb)/SDb, where ROIm and ROIb are the CT
numbers of the low-contrast object in a 15mm diameter
region of interest and of the background region of interest,
respectively, and SDb is the standard deviation of the atten-
uation values of the background [16]. A CNR was calculated
on the three images of each set of acquisition parameters.
T h em e a s u r e m e n tw a sr e p e a t e dt h r e et i m e so ne a c hi m a g e ,
giving nine measurements for each acquisition condition.
From these nine measurements, a mean CNR was calculated
for each set of acquisition conditions [17].
2.5. Assessment of LCD. For the subjective assessments of
LCD, we evaluated the images obtained at 120kV and
300mAsandtheimagesobtainedat80kVand150–650mAs.
Two experienced observers who were blind to each set of
scanning parameters were asked to review independently the
images. The visualization of each object was graded on a
3-point scoring scale by each observer: a score of 3.0 was
obtained when the object was clearly visible and appeared as
a perfect circle, a score of 2.0 was obtained when the object
was not clearly visible, and a score of 1.0 was obtained when
the object could not be detected. A total of 36 images (twelve
sets of three images each) were respectively assessed by each
observer. The ﬁnal score of LCD of each acquisition sets
was calculated by averaging the results of the two observers.
The time for reading the images was not limited, and each
observer could freely adjust the window levels and window
widths on the monitor screen.
2.6. Statistical Analysis. We used a two-tailed Student’s t test
to evaluate diﬀerences in SD, CNR, and CTDIvol between
scanning performed with 80kV and scanning performed
with 120kV. Both the relationship between SD and tube cur-
rent-time product settings and the relationship between
CNR and CTDIvol were investigated using the linear re-
gression analysis and Pearson correlation coeﬃcient (r). For
subjective assessment, the Mann-Whitney U test was used to
analyze diﬀerences in subjective scores between standard set-
ting (120kV, 300mAs) and low tube voltage settings (80kV,
150–650mAs). Interobserver variation was assessed us-
ing Cohen kappa statistics. Kappa values less than 0.20 in-
dicated poor agreement; 0.21–0.40, fair agreement; 0.41–
0.60, moderate agreement; 0.61–0.80, good agreement; 0.81–
1.00, excellent agreement. All statistical analyses were per-
formed with a commercially available software packageJournal of Biomedicine and Biotechnology 3
Table 1: The CTDIvol values obtained at each set of acquisition
conditions.
Tube current-time product (mAs) CTDIvol (mGy)
120kVp 80kVp
150 10.19 3.24
200 13.59 4.33
250 16.99 5.41
300 20.39 6.49
350 23.55 7.49
400 26.91 8.57
450 30.28 9.64
500 33.64 10.71
550 37.00 11.78
600 40.37 12.85
650 43.73 13.92
(SPSS, version 15.0), and a P v a l u eo fl e s st h a n0 . 0 5w a sc o n -
sidered to be statistically signiﬁcant.
3. Results
3.1. Radiation Dose. The CTDIvol obtained from each set
of acquisition conditions is shown in Table 1.A te q u a l
tube current-time product settings, the CTDIvol obtained at
80kV was approximately 32% of that at 120kV. Compared
with the CTDIvol obtained at 120kV and 300mAs, the rela-
tive CTDIvols obtained at 80kV were 16% at 150mAs,
21% at 200mAs, 27% at 250mAs, 32% at 300mAs, 37% at
350mAs, 42% at 400mAs, 47% at 450mAs, 53% at 500mAs,
58% at 550mAs, 63% at 600mAs, and 68% at 650mAs.
3.2.ImageQualityResults. TheresultsofCTnumbers,image
noise, and CNR at each scanning technique are listed in
Table 2. As expected, the image noise was inversely correla-
tive to tube current. At identical tube current, the lowest and
the highest noise were seen at 120kV and 80kV, respectively
(Figure 2). Compared with the noise obtained with 120kV
at 300mAs, the noise obtained with 80kV at 150–650mAs
was signiﬁcantly higher (P<0.001) (Table 2). There was a
direct correlation between the CNR and the CTDIvol, with
Pearson correlation coeﬃcient r = 0.95 (P<0.001) at 80kV
and r = 0.96 (P<0.001) at 120kV. At identical CTDIvol, use
of 80kV tube voltage resulted in higher CNR compared with
CNR at 120kV. At identical CNR, the CTDIvol at 80kV was
substantially lower than that at 120kV (Figure 3). By using a
two-tailed Student’s t test, the CNRs obtained at 80kV and
150–500mAs were signiﬁcantly lower than that at 120kV
and 300mAs (P<0.05) (Table 2). However, there was no
statistically signiﬁcant diﬀerence between the CNR obtained
with 120kV at 300mAs and the CNR obtained with 80kV at
550mAs, 600mAs, and 650mAs (P>0.05) (Table 2).
3.3. LCD Results. T h es u b j e c t i v es c o r e so fL C Da s s i g n e db y
two observers are shown in Table 3. The mean score of the
three images assigned at 120kV and 300mAs was 2.83 ±
0.41. At 80kV, the mean score (1.00 ± 0.00 at 150–250mAs,
1.83 ± 0.41 at 300mAs, 2.00 ± 0.00 at 350mAs, 2.33 ± 0.52
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Figure 2: Graph shows inversely correlative between tube current
(mAs) and image noise. At identical tube current, image noise
obtained at 80kV is higher than that at 120kV.
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Figure 3: Graph shows relationship between CTDIvol and CNR.
The Pearson correlation coeﬃcient (r) and the corresponding P
values were r = 0.95 and P<0.001 at 80kV and r = 0.96 and
P<0.001 at 120kV.
at 400–500mAs) was signiﬁcantly lower than that at 120kV
and 300 mAs (P = 0.001 at 150–350mAs; P = 0.019 at 400–
500mAs) (Table 3). However, there was no statistically signi-
ﬁcant diﬀerence between the mean score at 120kV and
300mAs and the mean score assigned at 80kV and the other
t u b ec u r r e n ts e t t i n g st h a tw ei n v e s t i g a t e d( P = 0.138 at
550mAs; P = 0.317 at 600mAs; P = 1.0 at 650mAs)
(Table 3). Using Cohen kappa statistics, the interobserver
agreement in regard to subjective assessment of LCD was
good (κ = 0.67).
4. Discussion
Improvement in MDCT technology now allows CT exami-
nations to be easily and fast performed, leading to a possible
increase of the radiation dose to patients. In particular, the
radiation exposure and risk of cancer death from hepatic CT
examinations have notably increased because multiple-phase4 Journal of Biomedicine and Biotechnology
Table 2: The CT numbers, image noise, and CNR obtained at each set of acquisition conditions.
Tube current-time product (mAs) CT number P value Image noise P value∗ CNR P value∗
120kV 80kV 120kV 80kV 120kV 80kV
150 56.12 27.56 <0.001 5.10 9.60 <0.001 0.89 0.62 <0.001
200 56.34 27.73 <0.001 4.45 8.20 <0.001 1.20 0.79 <0.001
250 56.21 28.17 <0.001 4.09 7.61 <0.001 1.46 0.87 0.006
300 56.76 28.35 <0.001 3.61 6.50 <0.001 1.73 1.04 0.029
350 56.93 28.21 <0.001 3.37 5.88 <0.001 1.95 1.00 0.025
400 56.77 28.41 <0.001 3.15 5.70 <0.001 1.97 1.04 0.028
450 56.69 28.43 <0.001 2.91 4.96 <0.001 2.11 1.07 0.031
500 57.00 28.36 <0.001 2.77 4.82 <0.001 2.29 1.19 0.042
550 56.78 28.68 <0.001 2.75 4.97 <0.001 2.21 1.38 0.224
600 57.14 28.78 <0.001 2.65 4.76 <0.001 2.33 1.40 0.272
650 57.14 28.86 <0.001 2.48 4.27 <0.001 2.47 1.53 0.501
∗The P values are those obtained with 80kV at the 150–650mAs settings compared with the values obtained with 120kV and 300mAs.
Table 3: The subjective scores of LCD.
Tube voltage/tube current-time product Subjective score of LCD Mean P value∗
Observer A Observer B
80kV/150mAs 3.0 (1.0, 1.0, 1.0) 3.0 (1.0, 1.0, 1.0) 1.00 ±0.00 0.001
80kV/200mAs 3.0 (1.0, 1.0, 1.0) 3.0 (1.0, 1.0, 1.0) 1.00 ±0.00 0.001
80kV/250mAs 3.0 (1.0, 1.0, 1.0) 3.0 (1.0, 1.0, 1.0) 1.00 ±0.00 0.001
80kV/300mAs 5.0 (1.0, 2.0, 2.0) 6.0 (2.0, 2.0, 2.0) 1.83 ±0.41 0.001
80kV/350mAs 6.0 (2.0, 2.0, 2.0) 6.0 (2.0, 2.0, 2.0) 2.00 ±0.00 0.001
80kV/400mAs 7.0 (2.0, 3.0, 2.0) 7.0 (2.0, 3.0, 2.0) 2.33 ±0.52 0.019
80kV/450mAs 7.0 (3.0, 2.0, 2.0) 7.0 (2.0, 2.0, 3.0) 2.33 ±0.52 0.019
80kV/500mAs 8.0 (2.0, 3.0, 3.0) 6.0 (2.0, 2.0, 2.0) 2.33 ±0.52 0.019
80kV/550mAs 8.0 (3.0, 3.0, 2.0) 8.0 (3.0, 2.0,3.0) 2.67 ±0.52 0.138
80kV/600mAs 9.0 (3.0, 3.0, 3.0) 8.0 (2.0, 3.0, 3.0) 2.83 ±0.41 0.317
80kV/650mAs 9.0 (3.0, 3.0, 3.0) 9.0 (3.0, 3.0, 3.0) 3.00 ±0.00 1.000
120kV/300mAs 9.0 (3.0, 3.0, 3.0) 9.0 (3.0, 3.0, 3.0) 3.00 ±0.00 —
∗The P values are those obtained with 80kV at the 150–650mAs settings compared with the values obtained with 120kV and 300mAs. There was good
agreement between observer A and observer B in regard to subjective assessment of LCD (κ = 0.67).
dynamic-enhanced CT scan is routinely performed. Man-
aging patient dose is therefore a major concern in abdominal
MDCT examinations.
In our study, we used the CT dose index volume (CTDI-
vol)basedonthemanufacturer’sdataforestimationofradia-
tiondose.CTDI,expressedintermsofairkermainmilligray,
was obtained at the periphery (CTDIp) and at the centre
(CTDIc) of a special 100mm long pencil-shaped ionisation
chamber. The weighted CTDIw is obtained as the sum of
one-third of CTDIc and two-thirds of CTDIp. The CTDIvol,
which is CTDIw divided by the pitch, represents the average
volume dose (air kerma) within a speciﬁed CT dosimetry
phantom [18]. CTDIvol is a good measure of CT radiation
dose for applications where the patient table is incremented
during the scan. Adoption of CTDIvol as the intensity of
the radiation dose would facilitate accurate comparisons of
radiation doses used for diﬀerent tube voltages. For instance,
inourstudy,itiseasyforustocomparethediﬀerenceofradi-
ation dose between 80kV and 120kV tube voltage. Results
of our study showed that it was possible to reduce radiation
exposure substantially by decreasing the tube voltage from
120kV to 80kV. However, it has limitations. Because the
CTDIvol is an averaged dose to a homogeneous cylindrical
phantom, the measurements are only an approximation of
patient dose. Another limitation is that CTDIvol phantom
doesnotprovideasuﬃcientlylongscatterpathrelativetothe
typical length ofa human; hence,patient dose may be under-
estimated with CTDIvol [19]. Therefore, the results of radi-
ation dose based on the CTDIvol in our study could not be
accurate represented patient dose. Furthermore, the diﬀer-
enceof the radiation dose betweenthe centraland peripheral
cavities of the phantom also could not be discerned by using
the CTDIvol as estimation of radiation dose.
In present study, our ﬁndings showed that there was a
direct correlation between the CNR and the CTDIvol, which
was consistent with previous studies [16, 20]. Although the
mean CNR was decreased when CT acquisition was per-
formed at a tube voltage of 80kV and an identical tube cur-
rent setting, CNR improved substantially when identical
CTDIvol was used. Compared with CNR obtained at 120kVJournal of Biomedicine and Biotechnology 5
and 300mAs, there was no statistically signiﬁcant diﬀerence
at 80kV and 550mAs, 600mAs, and 650mAs (P>0.05).
This suggest that image quality including CNR acquired at
80kV with tube current higher than 550mAs is equivalent to
that acquired at 120kV and 300mAs. Furthermore, the rela-
tive radiation dose obtained at 80kV and 550mAs, 600mAs,
and 650mAs was 58%, 63%, and 68% of that at 120kVp
and 300mAs, respectively. Therefore, we postulate that scan-
ning with a low tube voltage as low as 80kV is feasible in
abdominal CT examination without loss of diagnostic ac-
curacy when the tube current is higher than 550mAs allow-
ing reduction in the radiation dose by 32% to 42%.
LCD is one of the most important factors in abdominal
CT, especially when looking for small lesions in abdominal
organs such as liver, spleen, pancreas, or kidneys. This LCD
is not only relevant for unenhanced series but also contrast
enhanced series, as contrast between normal and abnormal
tissue may be only slightly increased by iodine [21]. Awai
et al. [22] reported that in enhanced hepatic CT, tumor-
to-liver contrast was 5–40HU. In present study, the object
with a contrast diﬀerence of 1.0% (having an attenuation
diﬀerence with the background of 10HU) was chosen to be
analyzed. When the two experienced observers subjectively
assessed the visibilities of low-contrast images, the subjective
scores of LCD assigned at 80kV and 550, 600, and 650mAs
did not diﬀer signiﬁcantly from those assigned at 120kV and
300mAs. Furthermore, the mean score of LCD obtained at
80kV and 650mAs was slightly higher than that at 120kV
and 300mAs. These results suggested that a reduction from
120kV to 80kV also could result in up to 42% dose reduc-
tion without compromising LCD. Funama et al. [16] showed
that a 35% reduction in the radiation dose could be achieved
when scanning was performed at 90kV rather than at
120kV without degradation of LCD. Our ﬁndings agree with
Funama and suggest that lower tube voltage can be used
in abdominal CT thereby achieving dose reduction while
maintainingacceptableimagequality.Inthisstudy,wefound
no statistically signiﬁcant diﬀerence in both CNR and LCD
at 120kV and 300mAs compared with those at 80kV and
550–650mAs. This is probably because CNR and LCD are
paralleltoeachother,whichisconsistentwithVerdun’sresult
[17]. He found that there was a signiﬁcant correlation be-
tween the mean CNR measurements and the subjective
scores of LCD (r = 0.95, P<0.05).
The main drawback of the low tube voltage technique is
the increase in image noise caused by the reduced photon
ﬂux. In our study, we found that the noise values obtained
with 80kV at the 150–650mAs settings were signiﬁcant
higher than that obtained with 120kV and 300mAs (P<
0.001). As previously reported [10, 20], we found that there
was an inversely correlative relationship between the image
noise and the tube current. In another word, the increased
noise will be obtained when the strategy of lower tube cur-
rentorlowertubevoltageisimplemented.Imagenoise,how-
ever, has a greater eﬀect on the quality of abdominal images
because the abdominal region is inherently of lower contrast.
Therefore, for CT scanning with low tube voltage, higher
tube current settings are required to compensate for the
lower number of photons. In addition, some new techniques
shouldbedevelopedtoreduceimagenoise.Severalarticlesin
the last years have been reported that noise reduction ﬁlters
[23–25]a sw e l la sr e c o n s t r u c t i o nm e t h o d s ,s u c ha sa d a p t i v e
statistical iterative reconstruction [26–28] could eﬀectively
help to reduce the noise on CT images with radiation dose
reduction without compromise of image quality.
4.1. Study Limitations. We acknowledge that this study
contains certain limitations. First, this CT scanning with low
tube voltage at 80kV was only performed in a phantom
study, and the phantom did not consider variability of body
composition, therefore, whether this result is suitable to
clinicalusingneedstobefurtherconﬁrmed.However,Marin
et al. [14] showed that a technique with low tube voltage at
80kV could be applied to improve the conspicuity of malig-
nant hypervascular liver tumors while signiﬁcantly reducing
patient radiation dose. Secondly, our investigation did not
take into account diﬀerences in body sizes. Attenuation of
the incident X-ray beam in CT depends on the size of body
portion being evaluated; that is, greater exposure is required
in corpulent patients to attain image quality equal to that in
slimmer patients [29]. Although studies in patients were not
part of this investigation, previous studies with a phantom
suggest that the technique is eﬀective for dose reduction of
abdominalCTforrelativelylightweightpatientswhosebody
weight is less than 80kg [30]. Another important aspect is
that many patients present with high-attenuation implants,
which can dramatically decrease image quality when low
kV protocols are used routinely. Finally, we only used the
CTDIvol provided by the manufacturer to estimate the
radiation dose. Although the agreement between the values
provided by the manufacturer and the measured values was
good, withdiﬀerencesof less than 10% [31], therewere some
limitations as mentioned above.
5. Conclusions
In this CT phantom study we have shown that although
image noise is increased at low tube voltage, it is possible to
reduce radiation dose by up to 42% without degradation of
CNR and LCD by reducing tube voltage from 120 to 80kV
and increasing tube current to more than 550mAs. As an
eﬀective technique of reducing CT radiation dose, scanning
with low tube voltage would beneﬁt patients with relatively
light weight, especially those who may need to undergo
MDCT examinations for long-term followup or high-risk
screening.
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